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Effect of Dengue Virus on Procoagulant and Fibrinolytic Activities of Monocytes

-A Chitra Krishnamurti and Barbara Alhing tIrom Mie, lter Reed Arniy Inhstue of Research.
ItihqJl, non. D.C.

Some of the fibrinolytic and coagulation enzymes that monocytes produce are urokinase,
a plasminogen activator (PA); a PA-specific inhibitor (PAl); and procoagulant activity
(PCA), which has been characterized as tissue factor. Dengue infection in vivo is restricted
to monocytes; however, it is unknown if dengue-infected monocytes undergo alterations
in the production of PA, PAl, and PCA. This issue was addressed in studies in which
monocytes were infected in vitro with dengue 2 virus in serum-free medium in the pres-
ence of enhancing antibody. No urokinase activity was detected in either control or in-
fected cells or in their supernatants. Infection of monocytes with dengue 2 %irus resulted
in an almost threefold increase in PAl activity in cells and supernatants. No change in
relation to the control was observed in PCA generated by the infected cells. These data
indicate that dengue 2 infection enhances the production of PAl from monocytes wvithout
altering PA or PCA.

Dengue viruses are flaviruses that comprise four dis- as plasminogen activator inhibitor I [PAI-I1) or by
tinct types (dengue types 1-4). These viruses are monocytes (PAI-2). Levels of these inhibitors have
transmitted by the domestic mosquito Aedes aegypli not been measured in plasma from patients or in
and cause disease with two different clinical mani- monocytes infected in vitro with dengue virus.
festations, one mild, i.e., dengue fever (DF); and the
other life-threatening, leading to shock and known Site of Infection and Immune Enhancement
as dengue shock syndrome or dengue hemorrhagic
fever (DSS/DHF). DF is typically seen in adults, Attempts have been made to identify the site of
whereas DHF/DSS occurs predominantly in chil- proliferation of dengue virus in humans. Dengue
dren [I]. viruses have been recovered from peripheral blood

Disseminated intravascular coagulation appears leukocytes (probably monocytes) from children with
to be responsible for the hemorrhagic tendencies seen DHF/DSS [5]. In another study [6] fluorescein-
in patients with DHF [2]. In some situations, how- conjugated antibodies to dengue virus were used to
ever, deposition of fibrin has also been observed. In demonstrate the presence of virus in monocytes ob-
an epidemic of Philippine hemorrhagic fever in 1956, tained from children infected with dengue. Available
the virus was identified as dengue 3 and intravascu- evidence suggests that dengue 2 infection in vivo is

lar thrombosis was observed in 12 patients, five of possibly restricted to cells of mononuclear lineage.
whom had arteriolar thrombosis in the renal glome- Dengue virus has been successfully replicated in

ruli [3]. Srichaikul et al. studied three Thai men who monocytes in vitro [7, 8]. There has been only one
presented with profound shock and gastrointestinal report of the growth of dengue 2 virus in human en-
bleeding (4]. Two of the patients died; at autopsy dothelial cells in vitro [9]; however, demonstration
fibrin thrombi were found. However, the patho gen- of infection of endothelial cells in vivo in children
esis of the thrombosis was not clearly defined in that with DHF/DSS has not been successful [10].
report and remains elusive. The increased localized One of the immunopathologic mechanisms attrib-
deposition of fibrin could be due to increased levels uted to dengue 2 is the ability of antibody to medi-
of inhibitors of the fibrinolytic system. These inhib- ate infection in monocytes. Human cord blood con- 1
itors are produced either by endothelial cells (known taining antibody to dengue in appropriate titers can

enhance dengue infection in vitro and in vivo. This
phenomenon allows an understanding of the age dis-

-he author% thank Dr. Larry Wahl at the National Institute tribution among infants with DHF/DSS 11]. During
of Dental Research for providing the eluriated monocs. the first few months after birth, the titers of matr
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decrease and can then act as mediators or enhancers occurs. Triggering of the monocytes by the stimu-
of dengue infection, thereby causing infants <1 year lated lymphocytes is not dependent on protein syn-
of age to develop the shock syndrome. When the in- thesis, whereas the generation of PCA by monocytes
fant is about a year old, the levels of antibody are is sensitive to inhibition by both cycloheximide and
negligible and the infant is no longer at risk for DSS. actinomycin D. Thus, generation of PCA requires

When dengue 2 antibody is added to cultures of de novo synthesis of both RNA and protein 1131.
peripheral blood leukocytes at concentrations below As illustrated in figure 1, tissue factor acts through
those that neutralize the viral inoculum, an antibody- the extrinsic pathway in the coagulation cascade. It
virus complex is formed and then ingested by the activates factors VII to Vila, and factor Vila then
cell [8]. Antibody-enhanced infection in bone mar- activates factors X to Xa. Factor Xa-along with fac-
row cultures also appears to involve mononuclear tor V, Ca**, and phospholipid-activates factor 11
phagocytes [7]. Halstead et al. reported that enhance- to I la, which in turn converts fibrinogen to fibrin
ment of dengue 2 infection in human peripheral and formsaclot. While tissue factoracts via theex-
blood leukocytes in vitro is a property of antisera trinsic pathway, factors XII, Xl, IX, and VIII act
raised to any flavivirus [II]. Thus, humans exposed through the intrinsic pathway.
to non-dengue flaviviruses may become more sus- In addition to PCA, monocytes produce uro
ceptible to dengue virus. kinase, a plasminogen activator (molecular weight,

55,000). Urokinase converts plasminogen to plasmin,
which in turn lyses fibrin clots [16, 17]. Monocytes

Procoagulant and Fibrinolytic Activity of' Monocytes also produce a PAI-2 (molecular weight, 47,000), a

Human peripheral blood mononuclear cells gener- Lc, t-acting, specific inhibitor of urokinase [181.
ate procoagulant activity that initiates the extrinsic
cascade of blood coagulation and has been identi- ffect or Dengue Infection on lrokinase, PAL
fied as tissue factor by immunologic characteriza- and PCA in Monocytes
tion [12]. When monocytes are exposed to exogenous
agents such as phytohemagglutinin [12] or endotoxin It has been reported that monocytes produce uro-
[13, 14] or undergo adherence to glass [15], this ac- kinase, PAl, and PCA, but it is not known if dengue
tivity increases. Direct interaction between lympho- infection alters the expression or production of these
cytes and monocytes appears to be essential for the proteins. Previous work has shown that synthesis of
induction of PCA. Levy et al. have shown that when PAI-2 can be stimulated by exposing monocytes to
T lymphocytes are stimulated by endotoxin and then endotoxin or to phorbol ester, a tumor-promoting
exposed to monocytes maximal induction of PCA agent [18, 191. Thus, the following experiments were

SURFACE

x -i Ca- Figure I. A schematic diagram of the

coagulation cascade. Monocytes pro-
Ix ---- 0-1 a d c tisefcowhich initiates clot

TISSUE FACTOR formation via the extrinsic pathway by
activating factor \'II. Factors XII, Xl,
IX, and VIII mediate formation of fi-

MONOCYTE -ip = ItIa brin via the "intrinsic pathway." The ac-
Xa tivated forms of the factors are repre-

sented by the suffix "a." Ca" and
X& phospholipid (PI.) are required for the

activation steps indicated.
V. Ca++, PL
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conducted to determine if dengue virus altered these in absorbance was measured at 405 nm with a Titer-
procoagulant and fibrinolytic activities. tek Mulhiscan Spectrophotometer (Flow Laboratories,

McLean, Va.). Activities were compared with that
Materials and Methods of a urokinase standard. PAl activity ssas assayed

by preincubating samples with 50 mU of urokinase
Monocytes were obtained by countercentrifugal for 30 minutes at 22°C. Plasminogen and S-2251
elutriation and infected with dengue virus in serum- were then added, and residual urokinase activity was
free RPMI medium containing 0.6% bovine serum measured after subsequent incubation at 37°C (I mU
albumin in polypropylene tubes. Cells were infected of PAl is defined as the amount that inactivates
with dengue 2 virus (strain, PUO-218) obtained from i mU of urokinase during 30 minutes of incubation
a Thai child with primary DF The multiplicity of at 220 C; PAl is expressed as mU/10' cells).
infection (MOI) was 0.5, and incubation was carried
out in the presence of enhancing antibody (mouse Results and Discusson
hyperimmune ascitic fluid) at a dilution of 1:5,000.
Control cultures were treated with the same dilution The effect of infection with dengue 2 on PCA in
of enhancing antibody. On day 3 or 4, cells were monocytes was determined by comnarino the recal-
,,,anted and viability was assessed by exclusion with cification times of infected and noninfected cells (ta-
trypan blue. In all the experiments, viability was ble I). Normal pooled human plasma incubated with
>9907o until day 4. Supernatants were collected af- medium in the absence of cells had a recalcification
ter centrifugation, aliquoted, and frozen at - 70'C time of 121 seconds. When control ceils were in-
until assays for urokinase and PAl could be per- cubated with normal plasma, clotting time was short-
formed. Cells were washed, resuspended, aliquoted, ened to 82 seconds. This result was similar to the
and frozen until assays for urokinase, PAl, and PCA clotting time of 78 seconds obtained for the infected
could be conducted. cells. These results appeared to show the presence

PCA was assessed by the following method: cells of PCA, though no marked differences were seen
were thawed and homogenized, and recalcification between the infected and the noninfected cells. This
times were assessed with use of normal and factor- PCA was shown to be tissue factor by incubation
deficient plasmas; 0.1 mL of plasma was preincu- with factor-deficient plasmas. In comparkon with
bated with a source of tissue factor at 37'C for 2 the factor-deficient plasmas incubated with medium
minutes, and then 0.1 mL ot CaCI, (0.025 M) was alone, the infected and control cells exhibited a
added. The clotting time was recorded on a Coagu- greater shortening of recalcification time in the case
lation Profiler (Bio Data Corporation, Model CP- of the factors VIIi and IX as compared with factor
8, Horsham, Pa.). VIi- and factor X-deficient plasmas. This was ex-

Assays for urokinase and PAl were conducted ac- pected, since tissue factor acts through the extrinsic
cording to the method of Chmielewska et al. 120]. pathway, and shortening of recalcification time could
In brief, assays for urokinase involved the incuba- still occur in plasmas defiLient only in factors of the
tion of samples with plasminogen and the chromo- intrinsic pathway (i.e., factors VIII and IX). Recal-
gen S-2251 at 370 C in a microtiter plate. The char cification times were similar when infected or nonin-

Table I. Recalcification times of normal and factor-delicient plasmas in the presence of noninfected and dengue-

infected human morocytes.

Recalcilication time of indicated plasma

l)cficient

Source of tissue factor Normal 1-actor VII Ilactor X iFactor VIII Factor IX

Medium 121 + I 143 ± 2 >5(X >5W0 >500
Noninfected monocytes 82 , 2 105 3 262 * 4 83 + 2 (X1 ± I
Dengue-infected monocytes 78 + 2 I01 ± 2 247 6 72 ± t 86 ± 3

NOTE. Day-4 cultures w'ere used as the source of tissue factor. Values are the mean _ St1: of triplicate or quadruplicate deter-
minations. See Materials and Methods for description of' method used for determining recalcification times.
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Table 2. Effect of dengue infection on production of 4. Srichaikul T, Punyagupta S, Nitianant P. Alkarawong K.
plasminogen activator-specific inhibitor (PAl) activity Disseminated intrasascular coagulation in adult dengue
by monocytes. hemorrhagic fever: report of 3 cases. Southeast Asian J

Trop Med Public Health 1975;6:106-14
PAl acti`'ity (mU/10 cells) 5. Marcheute NJ, Halstead SB, Falkler WA Jr, Stcnhouse A. Nash

Monocytes Cell-associated Supernatant D. Studies on the pathogenesis of dengue infection in mon-
keys. Ill. Sequential distribution of virus in primary and

Noninfected 148 1 8 118 ± 15 heterologous infections. J Infect Dis 1973;128:23-30
Dengue-infected 374 ± 7 257 t 11 6. Boonpucknavig S, Boonpucknavig V, Bhamarapravati N,

NOTE. PAl activity was determined according to the method Nimmannitya S. Irmunofluorescence study of skin rashNOTE PA aciviy ws dterinedaccrdig t th mehodin patients with dengue hemorrhagic fever. Arch Pathol
of Chmielewska et al. 1201. The values are the mean ± SE of patied wheu eo ai:rAc-6

triplicate determinations. See Materials and Methods for descrip- 7. Halstead SB. O 4Rourke E. Allison AC. Dengue .iruses and

tion of assay.7.Hlta BO'oreE.AlsnA.Dnuissad
mononuclear phagocytes. 11. Identity of blood and tissue
leukocvtes supporting in sitro infection. J Exp Med 1977;
146:218-29

8. Halsead SB, O'Rourke EJ. Dengue % iruses and mononuclear
fected cells were incubated with plasmas deficient phagocytes. I. Infection enhancement by non-neutrali/ing
in factors VII, X, VII1, and IX. antibody. J Exp Med 1977:146:201-17

PCA can be stimulated in response to viruses in 9. Andrews BS, Theofilopoulos AN, Peters CJ, I.oskutoff) DJ,
monocytes, although optimal production requires the Brandt WE, Dixon FJ. Replication of dengue and junin

viruses in cultured rabbit and human endoihelial cells. In-
collaboration of T lymphocytes (131. Since our ex- fect Immun 1978;20:776-81
periments were conducted with a 9901o pure popula- 10. Sahapong S, Riengrojpitak S. Bhamarapra.ati N, Chirachari-
tion of monocytes, the maximal expression of PCA yavej T. Electron microscopic study of the %ascular en-
may not have been induced. Dengue 2 infection did dothelial cell in dengue hemorrhagic fever. Southeast Asian

notenhance production of PCA, when compared I Trop Med Pnblic Health 1980:11:194-204
1lO. Halstead SB, Porterfield JS, O'Rourke EJ. Enhancement of

with that of the noninfected cells. dengue virus infection in monocytes by Ilav.isirus antisera.
No urokinase activity was detected in either the Am J Trop Med Hyg 1980;29:638-42

control or infected cells or in their supernatants. 12. Rickles FR, Hardin JA, Pitlick FA, Hoyer L\V, Conrad ME.
Results of assays for PAl indicated the presence of Tissue factor activity in lymphocyte cultures front normal

indiv.iduals and patients with hemophilia A. J Clin Invest
an inhibitor in both control and infected cells and iiu ad et th o aAJ Is

1973;52:1427-34
in their supernatants. Initial increases in PAl activ- 13. levy GA, Schwartz BS, Edgington VS. The kinetics and meta-
ity were detected as early as 24 hours after infection. bolic requirements fordirect lymphocyte induction of hu-

By 3 days, when viral titers had reached their peak, man procoagulant monokines by bacterial lipopolysaccha-
PAl activity in the supernatants and cells was at least ride. . Immunol 1981;127:357-63

twofold higher in cultures infected with dengue 2 vi- 14. Rivers RIPA. Hathasv WE, Weston WI. The endotoxin-
induced coagulant activity of human monocytes. Br J Hae-

rus than in the controls (table 2). By day 6, cell- ilatol 1975:30:311-6
associated PAl activity had decreased while PAl ac- 15. van Ginkel CJW., van Aken WG, Oh JIH, Vreeken J. Stimu-
tivity in the supernatant had increased, a finding that lation of monocyte procoagulant activity by adherence to
suggests the release of PAl into the supernatant (data different surfaces. Br J Haematol 1977;37:35-45
not shown). The precise role of this increased produc- 16. Vassalli J-D, Dayer J-M, Wohlvwend A. Belin D. Concomi-

tant secretion of prourokinase and of a plasminogen acti-
tion of PAl in dengue infection or in any other viral sator-specific inhibitor by cultured human monocytes-

hemorrhagic infection remains to be established. The macrophages. J Exp Med 1984:159:1653-68
change in PAl activity may be sufficient to enhance 17. Vassalli J-D. Baccino D, Belin D. A cellular binding site for
clot formation at a localized site of inflammation, the Mr 55,000 form of the human plasminogen activator,

urokinase. J Cell Biol 1985:100:86-92
18. Kruithof EKO, Vassalli J-D, Schleuning W-D, Mattaliano RJ,
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